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ABSTRACT

Lichens produce over eight hundred secondary metabolites, many of which are found nowhere else in
nature. Many of these chemicals have UV-blocking properties, including usnic acid and many depsides.
These chemicals could affect colonization success between understory and canopy lichens. In Monteverde,
Costa Rica, a total of 244 lichens were extracted from six trees, half from canopy branch tips and half from
the trunk in the understory. Canopy coverage was significantly higher in the understory (t-test, F = 88.78, p
< 0.05). In the pooled population, usnic acid was present in the branch tips more often than on the trunks
(after Yates correction factor X2 c = 26.23, df = 1, p = 3.03E-07). Conversely, depsides were present more
often on the trunks (after Yates correction factor X2 c = 26.23, df = 1, p = 3.02E-07). The differences in the
chemical constituents, which are associated with differences in lichen community composition, may reflect
adaptations that allow niche partitioning along light gradients.

_________________________________________________________
RESUMEN

Líquenes producen más que ochocientos metabolitos secundarios, muchos de que son descubiertos solo en
líquenes. Muchos de estos químicos tienen característicos de UV-bloqueadores, incluyendo ácido usnic y
muchos depsides. Estos químicos pueden afectar interacciones en las comunidades de los líquenes el dosel
y sotobosque. En Monteverde, Costa Rica, un total de 244 líquenes fueron quitados de seis árboles, mitad
de las ramas y mitad de los troncos. Había menos cobertura de ramas en el dosel (t-test, F = 88.78, p <
0.05). En la población total, ácido usnic había en líquenes de las ramas más que en los troncos (después de
corrector de Yates X2 c = 26.23, df = 1, p = 3.03E-07). En la otra mano, había más líquenes con depsides en
los troncos que en las ramas (después de corrector de Yates X2 c = 26.23, df = 1, p = 3.02E-07). Las
diferencias entre la composición química puede ser de traslape de nicho entre la comunidad.

INTRODUCTION

Many symbiotic relationships occur in nature, but few so tightly knit as the
colonies of lichens. These growths are often mistaken as one organism, but are
interactions between mycobionts and photobionts. The mycobiont, a fungus, is supplied
with carbohydrates from the photobiont, a green alga or cyanobacterium (Purvis 2000).
As a result, lichen colonies of multiple photobionts and fungal organisms are able to
occupy more diverse, often harsher, regions than either the mycobiont or the photobiont
could occupy alone (Brodo 2001).
Lichens are successful colonizers on a seemingly infinite number of substrates,
from tree bark to tortoise shells. They are present in the coldest, hottest, driest, and
wettest parts of the world (Brodo 2001). The cloud forest of Monteverde, Costa Rica is
no exception. Lichens can be found on rocks on the forest floor as well as on branch tips

in the canopy. A survey in the Monteverde region revealed over 200 morphospecies of
tree-dwelling lichens (Waring 2007). Little research has examined the differences, if
any, between these understory and canopy lichens.
The chemistry of lichens is important for their survival. Lichens are known to
produce several secondary chemical compounds for defense against herbivory,
pathogens, and UV irradiation (Huneck 1999). Some of these secondary metabolites
likely aid lichen’s successful colonization. Lichens that produce anti-herbivory chemicals
like usnic acid, perlatolic acid, and certain depsides are more successful in areas that are
subject to extensive herbivory, such as lichens preyed upon by caribou in Alaska (Falk et
al. 2007). Similarly, lichens producing higher concentration of UV-screening chemicals
are more prevalent in more light-exposed areas (Bjerke and Dahl 2002). Usnic acid and
atranorin (a depside) act as effective “sun block” for lichens (Solhoug et al. 2003). They
are so effective, in fact, that they have been extracted from lichens for human use
(Rancan et al. 2002, Solhoug et al. 2003). Both usnic acid and depsides are common
species-specific chemicals in lichens worldwide, although the chemicals can differ
significantly in concentration within one species (Rundel 1969). There is a correlation
between the production of usnic acid and exposure to irradiation, suggesting the
importance of the metabolite in successful colonization (Bjerke et al. 2002, Rundel
1969).
A previous study investigating the effect of light exposure on species richness of
lichens revealed that, although the diversity of UV-blocking compounds was greater
under brighter conditions, the percentage of UV-protected lichen morphospecies in the
did not change with light intensity (Waring 2007). In fact, the frequency of
morphospecies containing UV-blocking chemicals was over 85% along the entire light
gradient (Waring 2007), demonstrating the importance of UV-blocking chemicals in
lichen colonization of sunlit habitats. However, the frequencies of different UV-blocking
chemicals in sunlit and shady habitats have remained unstudied. Areas of success along
gradients of those morphospecies could reveal colonization dynamics such as niche
partitioning among lichens.
Although little is known about canopy lichens, I predicted that canopy lichens on
branch tips would contain UV-blocking secondary compounds more often than the lichen
colonies in the more shaded understory. I also expected to see differences in the types of
UV-blocking chemicals depending on the site from which the lichen was extracted.

MATERIALS AND METHODS
Specimen Collection

This study was conducted in Lower Montane Rainforest around the Estación Biológica in
Monteverde, Costa Rica. I selected lichens from two microhabitats per tree (trunk at
breast height and branch tips) on six canopy element trees, and I extracted twenty lichens
from each location on each tree. Lichens were stored for no more than 48 hours in paper
bags until I performed laboratory tests. For each tree, I recorded the canopy coverage in
the understory (trunk) and the canopy (tree crown) using a canopy densiometer to test for
differences in sunlight exposure.

Experimental Methods
To test for the presence of UV-blocking compounds, I performed chemical spot tests of K
(10% KOH), C (undiluted household bleach), and KC (C on filter paper with K
previously applied) on each of the lichen colonies. To perform each spot test, I removed
a small portion of the lichen (approximately 1 cm x 0.1 cm) and placed it onto a sheet of
white filter paper. I then applied a drop (approximately 0.5 mL) of the appropriate
solution to the lichen. After no more than 10 minutes, I removed the lichen from the
filter paper and recorded the color transferred to the filter paper using a hand lens (10X).
Using Brodo’s Lichens of North America as guide to commonly encountered lichen
substances I identified which, if any, secondary chemical compounds were present in
each specimen sample.
Statistical Analysis
I conducted a t-test to determine whether there were differences in the canopy coverage
between the canopy and understory canopy coverage. I determined whether or not the six
separate trees’ populations could be pooled by using a heterogeneity chi-squared test. A
chi-squared one-sample test for goodness of fit was then used to characterize the
observed frequencies of UV-blocking chemical producing lichens.

RESULTS

Two hundred and forty four lichens were extracted from six trees with at least twenty
specimens collected from the two locations (branch tips and trunk) on each tree. Canopy
coverage in the understory (91.68 % ± 1.6 %) and in tree crowns (52.36 % ± 14.7 %) was
significantly different (t-test, F = 88.78, p < 0.05), with the trunk being in greater shade.
Overall, 122 of the lichens produced usnic acid at high enough concentrations to be
recognized, 115 produced a depside compound and 7 had no recognizable secondary
chemical (Figure 1).
The heterogeneity chi-squared test revealed that the populations could be pooled
(Tables 1 and 2). Of the lichens producing usnic acid, 80 were on branch tips and 42
were on the trunk. The pooled data revealed a significant difference between the
frequency of lichens containing usnic acid in the branch tips and on the trunk (Figure 2).
Similarly, the pooled data showed a significant difference between the frequency of
lichens containing depsides in the branch tips and on the trunk; lichens with depsides
were observed more often on the trunks than on the branch tips (Figure 3).
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Figure 1. Observed frequency of lichens producing usnic acid (a UV-blocking and
antiherbivory compound) and depsides (a collection of compounds that play many
biological roles), as collected from six trees in Monteverde, Costa Rica.
Table 1. Presence and absence of usnic acid, a known UV-blocking chemical, in lichens
on trunks and branch tips of six trees. Heterogeneity chi-square tests revealed no
significant differences between each of the trees (X 2 = 2.63, df = 5, p = 0.755), so the
frequencies across trees can be pooled.
Usnic Acid

Tree 1
Tree 2
Tree 3
Tree 4
Tree 5
Tree 6
Total
Pooled

Trunk
Branch
Present Not Present Present Not Present Chi-Square DF
P
9
13
14
6
3.58
1
0.058
6
14
14
6
6.4
1
0.011
3
19
12
8
9.81
1
0.0017
6
14
13
7
4.91
1
0.027
8
12
13
7
2.51
1
0.11
10
10
14
6
1.67
1
0.2
28.88
42
82
80
40
26.87
1 3.02E-07
Heterogeneity Chi-square
2.63
5
0.755
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Figure 2: Observed frequency of lichens containing usnic acid on the branch tips and
trunks within a population of lichens. Lichens on branch tips were more likely to
produce usnic acid than lichens on trunks (after Yates correction factor X2 c = 26.23, df =
1, p = 3.03E-07)
Table 2. Presence and absence of depsides, a group of chemicals known to have UVblocking and a variety of defense properties, in lichens on trunks and branch tips of six
trees. The result of heterogeneity chi-square tests shows no significant differences
between each of the trees (X 2 = 2.26, df = 5, p = 0.81), so it is reasonable to assume that
the six trees support the same population of lichens and therefore the frequencies may be
pooled.
Depsides

Tree 1
Tree 2
Tree 3
Tree 4
Tree 5
Tree 6
Total
Pooled

Trunk
Branch
Present Not Present Present Not Present Chi-Square df
P
14
6
10
10
1.76
1
0.197
13
8
6
14
4.21
1
0.04
18
4
8
12
7.77
1 0.0053
12
8
7
13
2.51
1
0.11
11
9
8
12
0.9
1
0.34
10
10
6
14
1.67
1
0.2
18.82
78
45
45
75
18.73
1 3.02E-07
Heterogeneity Chi-square
2.26
5
0.81
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Figure 3: Observed frequency of lichens containing at least one depside compound on
the branch tips and trunks within a population of lichens. Lichens on branch tips were
less likely to produce depsides than lichens on trunks (after Yates correction factor X2 c =
26.23, df = 1, p = 3.02E-07)

DISCUSSION

Lichens produce over eight hundred secondary compounds, many of which are found in
abundance in lichens but nowhere else in nature (Huneck 1999). The commonly
encountered depsides and usnic acid are examples of compounds that have only been
extracted from the outer cortex of lichen colonies (Rancan et al. 2002) (Figure 4a, b).
Results here revealed that while lichens with usnic acid are more common in the canopy,
lichens with depsides are more successful in the understory; this may indicate a trade-off
between containing these helpful chemicals. While both types of compound can co-occur
in an individual lichen, usnic acid is usually a dominant chemical and present at much
higher concentrations when light is present (Hager et al. 2008, Bjerke et al. 2002). In my
observations, when usnic acid was present, depsides were either absent or at too low of
concentrations to be recognized.
This trade-off between usnic acid and depsides is important for understanding the
evolution of lichens. Although it is believed that fungi obtained the ability to lichenize at
multiple times in ancient history, there is a consensus among lichenologists that the
evolution of lichens largely depended on the fungi’s ability to produce certain chemicals:
polyketides (Huneck 1999) (Figure 4c). A previous study showed that different
chemotypes of closely related lichens selected different habitats, adding to the evidence

that secondary metabolite production is not controlled by the environment or substrate,
but by specific genes (Culberson and Culberson 2004).
In an extensive genetic study of lichens by Maio et al. (2001), it was found that
the genes in lichens that produce the polyketides synthases are linked to genes that are
probably involved in modification of pathway intermediates, including the genes that
code for the enzymes important for depside synthesis. Huneck (1999) proposed that usnic
acid evolved from the depsides after changes in the clustered genes, but little research has
been done to isolate the genes for usnic acid synthases (Figure 4). Evidence for divergent
evolution between depsides and usnic acid has been shown in a study by Culberson et al.
(1988) before evolutionary pathways for depsides had been proposed.
While
hybridization is relatively common
A
among fungi, the different chemotypes
.
tested rarely hybridized, indicating their
early
divergence
and
speciation
(Culberson et al. 1988). These different
evolutionary pathways may have
permitted niche partitioning by lichen
colonies. Niche partitioning in lichens
may be partially dependent on the
production of particular secondary
metabolites.
B
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act as UV-screening chemicals, but at a
C
much lower level of effectiveness. They
.
have a wide range of other biotic
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antifungal, antiherbivory, antibiotic,
antiviral, and alleleopatric defense against
bryophytes (Bjerke et al. 2002, Hager et
al. 2008, Lawrey 1980, Piovano 2002).
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those with depsides, but other important factors likely play a role. A past study in the
Monteverde area demonstrated differences in bryophyte and lichen coverage between
different sized trees at a similar elevation to my study site (Barr 2007). This study
showed that younger trees have more lichen coverage than older trees, and vice versa for
bryophyte coverage. This indicates that lichens colonize first and are competitively
replaced, to an extent, by mosses, hornworts or liverworts (Barr 2007, Nadkarni 2000).
Another study in Monteverde stripped mature branches of epiphytes (including the
corticolous lichens) and recorded the order of colonization: lichens arrived first,
followed by bryophytes, and finally (after no less than 10 years) vascular plants
(Nadkarni 2000). Usnic acid has not been shown to exhibit allelopathy against
bryophytes, whereas depsides have. Alleleopatric properties, then, would be much more
helpful on the older growth of trees (the trunk), than on the newer growth, if bryophyte
colonization comes after lichen colonization. Sulyma and Coxson (2001) showed that
bryophyte coverage was directly correlated to canopy coverage. Thus, the presence of
depsides on the trunks of trees, where canopy coverage is high, could be more important
in alleleopatry than UV-screening, although further research is needed to support this
assertion.
The expense of production is also a determining factor for whether or not a
chemical is used for defense in plants, animals, and lichens. Usnic acid, though effective,
is extremely short-lived, forcing the lichen to produce it constantly, albeit at
concentrations related to exposure (Bjerke et al. 2002, Rancan et al. 2002, Rundel 1969).
Depsides, on the other hand, last longer and barely change in concentrations despite
changes in abiotic factors (Rancan et al. 2002). The expensive-to-maintain usnic acid
may be used as a blanket defense among those lichens where UV-irradiation seems a very
important factor, whereas the longer-lasting depsides could be used where they would be
less at risk for UV-irradiation.
Other research has revealed chemotypes as a more predictable indicator of species
than phenotypes, demonstrating the secondary metabolites’ importance in taxonomic
classification (DePriest 1993). Little research has been done in the Monteverde area on
the dynamics between different phenotypes or chemotypes of lichens. Further research
on selectivity of certain lichens could reveal more extensive community interactions, as
well as contribute to classification and taxonomy of these fascinating colonizers.
Recognizing the importance of niche partitioning between lichens producing different
secondary metabolites is a critical step in further understanding the amazing association
between mycobiont and photobiont: on both a community and evolutionary scale.
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